Secondary metabolites are an integral part of the plant kingdom which plays a vital role in development, growth, and defense. These are also very helpful for humans against different disorders. Phenols due to their strong antioxidant activity have a central role in conferring different types of biological activities. The present study aims at the simultaneous determination of chlorogenic acid and caffeic acid in the methanolic extracts of leaf samples of Siegesbeckia orientalis L. Simultaneous elution of both compounds has been attained by using toluene-ethyl acetate-formic acid-methanol (6:6:1.6:0.6 v/v) as the mobile phase, and densitometric evaluation was done at 366 nm. The linear regression data for the calibration curve of both compounds show good linear relationship in the concentration range of 200-600 ng. The proposed method has been validated in terms of limit of detection, limit of quantification, specificity, precision, and accuracy studies. The present high-performance thin-layer chromatographic method has been applied for the quantification of both compounds in the various accessions of S. orientalis collected from different localities of North India. Maximum amount of chlorogenic acid was found in the Taluka accession, while caffeic acid was found in the Rarhi accession collected from Uttarakhand state.
Introduction
Antioxidants, when present at low concentrations, play an effective role in the oxidation of substrates. Their role involves the scavenging of free radicals and singlet oxygen decomposition S.K. Pradhan, R.C. Gupta, and R. Preet, Department of Botany, Punjabi University Patiala; and R. Goel, Department of Pharmaceutical Science and Drug Research, Punjabi University Patiala, Punjab, 147002, India. E-mail: pradhan_sarojkumar@yahoo.com [1] . Phenols found universally throughout the plant kingdom play a vital role in defense, growth, and development. These are present in different forms like hydroxycinammic acids, hydroxy benzoic acids, coumarins, xanthones, lignans, lignins, flavonoids, and chalcones [2] . Hydroxycinnamic acids (chlorogenic acid and caffeic acid) possess many biological activities due to their strong antioxidant and free radical scavenging power. Biological activities include antiinflammatory, antibacterial, anti-mutagenic, and anti-carcinogenic features [3, 4] . Chlorogenic acid is an ester formed between caffeic acid and quinic acid. The major source of these phenols is coffee bean, used as daily consumption in human diet [5] .
Various analytical methods like spectrophotometry, high-performance liquid chromatography (HPLC), highperformance thinlayer chromatography (HPTLC), and gas chromatography-mass spectrometry (GC-MS) are primarily used for the determination of secondary metabolites in plant species. Many protocols have been established by experts using HPLC technique for the determination of chlorogenic acid and caffeic acid [6] [7] [8] . Another chromatographic technique, HPTLC, is preferred due to easier visibility and less consumption of chemicals and time. HPTLC fingerprints have been established for important medicinal plants like Arctium lappa, Artemesia dracunculoides, Arbutus unedo, Crataegus spp., Ficus carica, Hippophae rhamnoides, Orthosiphon stamineus, Xanthium strumarium, and berry extracts [9] [10] [11] [12] [13] [14] [15] .
Siegesbeckia orientalis is an important medicinal plant found all over the world. In the Chinese traditional medicine system, it is commonly known as Xi Xian [16] . The major secondary metabolites found in the aerial parts are triterpenoids, flavonoids, and phenolcarboxylic acids. The plant is as an antiinflammatory, antirheumatic agent, with antimicrobial, anti-cancer, and anti-allergic properties [17] . However, the study of the literature revealed that there is not a single report on the determination of chlorogenic acid and caffeic acid in the leaf part of the present species. Thus, keeping this in view, the aim of the present work was the elaboration of a validated HPTLC method for the simultaneous determination of chlorogenic acid and caffeic acid in the methanolic extracts of S. orientalis.
Experimental

Collection and Extraction of Plant Material
The plant samples were collected from different localities of Uttarakhand (U.K.), Himachal Pradesh (H.P.), and Rajasthan (R.J.) states of Northwest India. Data for locality, altitude, and accession number are given in Table 1 . Voucher specimens were submitted to the Herbarium, Department of Botany, Punjabi University, Patiala, India. The leaves were air-dried and powdered. Extraction was done by methanol as solvent using a Soxhlet apparatus for 5 h. The methanol extract was concentrated under reduced pressure and resuspended in 5 mL of HPLCgrade methanol. All samples were stored at 4°C for further analysis. Table 1 Data of locality, accession number, and altitude of plant samples of Siegesbeckia orientalis.
Locality
Accession No.
Barkot (U.K.) 60798 1220
Mount Abu (R.J.) 59892 1220
Bathri (H.P.) 60952 1050
Chemical Reagents
All chemicals and solvents were of analytical grade. HPLC grade methanol, chlorogenic acid, and caffeic acid standard were purchased from HiMedia (Mumbai, India).
Preparation of Standard Solution and Plant Samples
Chlorogenic acid and caffeic acid stock solutions were prepared by dissolving accurately weighed 5 mg in 10 mL of HPLC grade methanol. Further dilutions were made to get a final concentration of 50 µg mL −1
. The methanolic extracts of the leaf samples were also diluted two times with methanol and used for HPTLC analysis.
Calibration Curve and HPTLC Conditions
Concentrations ranging from 200 to 600 ng of standard solution were spotted on silica gel 60 F 254 HPTLC plate (Merck, Mumbai, India) in triplicate using CAMAG (Muttenz, Swither land) Linomat V automatic spotter (dosage speed: 150 nL s −1 , syringe size: 100 μL, band length: 6.0 mm, distance between tracks 10.0 mm). The plates were developed in a twintrough chamber (20 × 10 cm) to a distance of 8 cm using the mobile phase toluene-ethyl acetate-formic acid-methanol (6:6:1.6:0.6 v/v) at 25 ± 2°C and 40% relative humidity. After development, the plates were air-dried and derivatization was done with natural product (NP) reagent. The plates were scanned densitometrically at 366 nm using a CAMAG TLC Scanner IV. The peak areas were recorded, and calibration curves of standards were obtained. Five-microliter amounts of methanol extracts were applied on HPTLC plates using the above-mentioned conditions with the standard markers. The plates were scanned at 366 nm, and peak area, peak height, and absorption spectra were recorded.
Validation of the Proposed Method
The present method was validated according to the International Conference on Harmonization (ICH) guidelines [18] . The limit of detection (LOD) and the limit of quantification (LOQ) were calculated on the basis of signaltonoise ratio. LOD was determined at S/N of 3:1, and LOQ at S/N of 10:1. The specificity of the method was tested by comparing the bands of the standards with the corresponding bands of the samples at the same R f , and absorption spectra were recorded. The precision of the method was checked by application of the same amount of standard (n = 3) on the same day for intraday precision and on three different days for interday precision, expressed as %RSD. The accuracy of the method was also checked by recovery studies at two different levels (50% and 100%) using the known amounts of two standards. The methanol extracts of the leaf samples were spiked with the standard solutions, and % average recoveries were calculated.
Results and Discussion
Various accessions of S. orientalis have been collected from different localities of Northwest India; the data pertaining to locality, accession number, and altitude are given in Table  1 . Simultaneous resolutions of both compounds in the methanolic extract have been attained by using the mobile phase toluene-ethyl acetate-formic acid-methanol (6:6:1.6:0.6). The bands were visualized at 366 nm after derivatization with NP reagent (Figure 1) . The R f values of chlorogenic acid and caffeic acid were found to be 0.19 and 0.83, respectively. HPTLC-densitometric chromatograms of standard tracks and sample tracks are given in Figure 2 in 3D view. Confirmation of both compounds has been done by the overlaid absorption spectra of the standard compounds and samples present at the same R f (Figures 3 and 4) . Both standard compounds were found to be linear over the range of 200-600 ng spot
The content of phenolic compounds in the plant samples has been measured by using the calibration curve of the standard compounds ( Figure 5) . The linear regression equations with correlation coefficient values for both compounds are given in Table 2 . The LOD and LOQ of chlorogenic acid and caffeic acid were found to be 19.54 ng and 59.22 ng as well as 39.46 ng and 119.47 ng, respectively. Precision in terms of inter-day and intra-day for both compounds was also checked with the result of a value less than 2.50 %RSD. The recovery studies for the accuracy of the method were checked at two levels (50% and 100%) and were in the range of 98-99% (Table 3 ).
The content of chlorogenic acid and caffeic acid in different samples was estimated by use of the proposed method. The maximum content of chlorogenic acid was found in the Taluka accession (1191 ± 2.0 µg g −1 dry weight [DW]), while Overlaid absorption spectra of chlorogenic acid (standard and plant sample).
Figure 4
Overlaid absorption spectra of caffeic acid (standard and plant sample).
the minimum in the Sankri accession (4.5 ± 0.34 µg g −1 DW). The content of caffeic acid was found at the maximum in the Rarhi accession (328 ± 0.97 µg g −1 DW) and at the minimum in the Taluka accession (161 ± 0.59 µg g −1 DW) (Figure 6 ). In one accession (Sankri), caffeic acid was not detected. From the two compounds, chlorogenic acid is profoundly present in more amounts than caffeic acid. Agatonovic-Kustrin and Loescher [19] studied the HPTLC profile of Calendula officinalis to quantify three phenolic compounds (chlorogenic acid, caffeic acid, and rutin) and stated that the extraction techniques, solvents, plant parts, and plant origin have a direct effect on the chemical profile of the extracts. Cretu et al. [15] also quantified chlorogenic acid from three different berry samples by the same technique of which the amounts were in the range of 0.027-2.836% w/w. Singh et al. [12] quantified chlorogenic acid in the different plant parts of fig tree and showed that the fruits have the maximum amount which is responsible for the plant's antioxidant properties. Several authors used HPTLC technique to quantify the phenolic compounds in different plant species, which is very helpful for the confirmation of any type of adulterations [20] . These phenolic compounds can be used as biomarkers in the present studied species to screen the different populations and also to check the adulteration/quality control in the herbal extracts. As phenols contribute to the antioxidant potential of different medicinal herbs, the present study gives the first report of the simultaneous determination and quantification of chlorogenic acid and caffeic acid in S. orientalis.
Conclusion
The developed method for the simultaneous determination of the above marker compounds is precise, specific, and accurate. This method can be very effective to screen the different populations of S. orientalis at one time, so as to select the elite chemotype from among them. Furthermore, this method can also be used for the routine quality control analysis of herbal formulations containing these compounds. 
